Background: Young adults with mobility disability (MD) are less likely to engage in regular physical activity (PA) compared with their able-bodied peers and inactive adults with a MD are more likely to report one or more chronic diseases compared to those who are physically active. Despite the vast amount of research published in the field of PA interventions over the past decades, little attention has been focused on interventions aiming to increase PA among individuals with MD. Thus, we propose to compare the effects of an eHealth program compared to a usual care supervised health program on levels of PA and other health behaviors. Methods: The current intervention will use a randomized controlled trial (RCT) design with two treatment groups (an eHealth program and a usual care supervised health program) in young adults with newly acquired MD. In total, 110 young adults (aged 18-40 years) with a MD, acquired within the past 3 years, will be recruited to participate in a 12-week intervention. The primary study outcome is accelerometer-measured time spent in moderate to vigorous PA. Secondary outcomes includes health-related quality of life, depression, stress, fitness, body composition, diet, musculoskeletal pain, motivation to exercise and work ability. Discussion: There is a lack of RCTs investigating effective ways to increase levels of PA in young adults with MD.
Background
Approximately 10% of the Swedish population lives with a mobility disability (MD). MD is strongly associated with reduced work ability [1] and thus is a major public health concern. There are strong cross-sectional [2] and longitudinal [3] dose-response associations between physical activity (PA) and work ability, as well as health-related quality of life (HRQoL) [4] . Despite the numerous known health benefits of PA [5] , young adults with MD are less likely to engage in regular PA compared with their ablebodied peers [6] . Approximately 50% of adults with MD are physically inactive, reporting little or no time spent in moderate to vigorous PA (MVPA) per day, compared to 26% of adults without MD [7] . In addition, inactive adults with a MD are 50% more likely to report one or more chronic diseases compared to those who are physically active [7] .
Despite the vast amount of research published in the field of PA interventions over the past decades, little attention has been on interventions aiming to increase PA among individuals with MD [8] . Interventions focusing on PA for those with MD may be particularly important, as there is some evidence that a physically active lifestyle can provide increased health benefits for people with MD compared with the general population [9] . However, currently, PA interventions targeting individuals with MD are limited to older people [10] ; therefore, there is a paucity of intervention research regarding the health benefits of PA for those with MD, especially for those who are of working age.
The few existing studies on PA and MD suggest that motivation for PA is high among individuals with MD, and that barriers to PA engagement include accessibility to tailored PA facilities, and they also have a lack of knowledge on how to engage in PA [6, 11] . In addition, enjoyment appears to be a critical individual factor for engagement in PA among these individuals [12] . A longitudinal study investigating motivation for PA, using self-determination theory, in young adults with MD indicates that autonomy, goal setting, surveillance, support and feedback are important factors for improving and maintaining healthy levels of PA [11] . Therefore, factors beyond health benefits should also be considered for helping those with a MD achieve greater levels of PA.
A recent systematic review found modest evidence for the efficacy of application interventions, that is appbased interventions, to improve the levels of PA and dietary habits for non-communicable disease prevention [13] . Given that many people have busy lifestyles, but still value access to health-behavior programs that provide advice, information, feedback and self-monitoring around the clock, app-based programs may be an important way to reach certain populations [14] . However, there is an inconsistency in the academic literature on the effects from multi-component versus eHealth app interventions on health outcomes [13] . This raises the question as to whether multi-component interventions deliver equal intervention effects compared with standalone app interventions.
Thus, the aim of the current randomized controlled trial (RCT) is to compare the effects of delivering an eHealth program compared to delivering a supervised health program on levels of MVPA, as well as evaluate the health-related benefits and cost-effectiveness to each program.
Methods

Intervention design
The current intervention will use a RCT design with two treatment groups in a sample of young adults with newly acquired MD. In this study, newly acquired MD refers to individuals who have had MD for 3 or less years. The trial will examine the efficacy of an eHealth program compared to a supervised health program, lasting for 12 weeks, on the primary (MVPA) and secondary (HRQoL, work ability, symptoms of depression, pain, stress, exercise motivation, diet, fitness, body composition and genetic/epigenetic factors) outcomes at baseline (week 0), midpoint (week 6), at the end of the intervention (week 12) and at 12 months' post intervention follow-up to examine maintenance effects. In addition, semi-structured interviews focusing on facilitating and hindering factors associated with intervention adherence will be conducted at week 12 and at 12 months' follow-up in a subsample of individuals from both intervention groups (illustrated in Fig. 1 ). All measurements, tests and information meetings will be held at a healthcare center (TWITCH Health Capital, Stockholm, Sweden). The trial will be reported according to Consolidated Standard of Reporting Trials (CONSORT) guidelines for reporting RCT designs [15] (Fig. 2) . For Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 2013 Checklist, see Additional file 1.
The two treatment arms are each designed to support participants to perform sustained changes in MVPA and health-related outcomes. The framework used in both intervention groups is based on the assumption that behavior-change interventions are more likely to be effective if they use intrinsic motivation strategies and are deeprooted in health-behavior-change theory [16] . In addition, a recent meta-analysis supports the use of behaviorchange techniques, including goal setting, self-monitoring and strategies for intrinsic motivation change of behavior, to promote change in healthy PA and dietary behaviors and a person-centered and autonomy supportive counseling approach in order to maintain these behaviors over time [17] . The eHealth program
Short description
The eHealth program is a 12-week, standardized walking, exercise and food photography program, delivered via smartphone apps, with three face-to-face meetings with health educators (n = 55).
Design
The intervention framework is based on a recent systematic review concluding that multi-component applicationbased interventions to improve diet, PA and sedentary behaviors can be effective [13] , especially if the intervention entails app-embedded behavior-change techniques [18] . In addition, individually tailored feedback, based on the participant's own characteristics, and advice is more likely to be effective compared with generic information about health benefits from PA [16, 19] . The Acupedo walking app will be used in the current study. The app is the number-one-ranked pedometer app at the app/google app store and comprises several behavior-change techniques, which is important when promoting PA [18] . In addition, participants will be encouraged to use an individually tailored home-based training app (three times/ week) developed by the Swedish Military. This app comprises a pre-defined 12-weeks exercise program with progressively increasing exercise intensity. Both apps contain several behavior-change techniques: for example, self-monitoring and specific goal setting. Furthermore, participants will use food photography, via an app, a methodology shown to assess food intake in different environments with acceptable accuracy [20, 21] . Additionally, food photography holds promise as an intervention tool to change dietary decision-making and attitudes [22] .
The intervention entails three face-to-face consultations, in groups of approximately 20 participants, held at the healthcare center. The first consultation, held at the start of the intervention (baseline), will focus on information on how to use the apps and improving motivation to increase walking and exercise, with additional discussions on goal setting and other techniques to support behavior change. The second PA consultation, held at week 6, will focus on semi-structured face-toface interviews concentrating on facilitating and hindering factors associated with intervention adherence. Participants will review their progress towards achieving the goals set in the first meeting by discussing the information recorded on the walking app and the activity tracker. The final meeting at week 12 will focus on encouraging participants to maintain changes by reviewing goal attainment and discussing relapse prevention strategies to maintain healthy PA and other health habits. After 12 weeks, a purposive sample of participants are interviewed about their experiences of efficacy, implementation and outcomes of the app support and at 12 months with a focus on persistent changes of lifestyle.
The supervised health program Short description
The supervised health program is a 12-week standard care health program, delivered by health educators and personal trainers, including one weekly supervised exercise session (n = 55).
Design
The supervised exercise program is based on the transtheoretical and socio-cognitive models of behavior change [23] . The meetings with health educators and personal trainers within the intervention group will have a semistructured format and a person-centered approach to ensure individualization to meet the needs of the participants with MD. To reduce the complexity of the meetings, a behavior-change model with four core behavior-change techniques (mobilizing social support for change, developing self-efficacy, goal setting and self-monitoring), that are known to be effective in supporting individuals to improve healthy activity and dietary behaviors [24] will be used. Although the focus will be on these four components, health educators and personal trainers will tailor the meetings by adding additional behavior-change techniques, such as identifying and overcoming barriers to change, and using a motivational interviewing approach where relevant. The health educators and personal trainers are experienced at adapting interventions to make them accessible to adults with MD.
Dietary advice given to the participants will follow the four-step Step-wise Weight-determined Accumulative change Plan (SWAP) model, which includes the following aspects: (1) limit sweets and snack intake to no more than 100 g/week, eaten during 1 day of the week, (2) substitute regular foods with low fat and low sugar alternatives, (3) gradually increase vegetable intake until vegetables cover half the plate at lunch and dinner and (4) reduce portion sizes by reducing equally from the carbohydrate and the fat content of the meal [25] .
In addition to the dietary advice, participants will use a food photography app as described for the eHealth group. However, participants in the supervised exercise program group will also use the social media function imbedded in the app (a "locked" function made available only for this group), which enables sharing and rating of meals; thus, providing participants with social support, which has been shown to be beneficial to making behavioral changes [24] .
The intervention will encompass both structured supervised and non-supervised PA including aerobic, strength, flexibility and balance training, and will be designed to be performed at fitness centers with personal trainers, one time per week with a total of 12 sessions during the intervention period. PA goals will be individualized based on each participant's level of physical fitness (VO 2 max), and will further be modified in response to illness, injury or physical symptoms. Participants will be further encouraged to have an active lifestyle with two more weekly un-supervised exercise sessions. Participants will further be encouraged to avoid prolonged periods of uninterrupted sitting and aim at a minimum of 30 min daily walking. The weekly personal trainer supervised exercise sessions, lasting 60 min each, will target compound movements, involving large muscle groups. The exercise sessions during the first 4 weeks will aim at for a minimum of 10 min of PA at a moderate to vigorous intensity (> 60% VO 2 max). During the next 4 weeks, time in MVPA will progressively increase to 20 min per session and the last 4 weeks of the intervention will provide 30 min of MVPA per exercise session. Exercise sessions will be 60 min long throughout the intervention period. Thus, lower-intensity PA, such as balance and flexibility training, will be progressively replaced during the intervention period. The exercise sessions will be structured so that they can be generalized to the home environment; thus, possibly increasing post-intervention maintenance. Interviews with a purposive sample of participants will be performed at 12 weeks focusing on experiences of the efficacy, implementation and outcomes of the program and again at 12 months to explore persistent changes in lifestyle.
Sample size calculation
Prior to this study, there were no objectively measured PA data from PA and exercise interventions for young adults with MD. A recent cross-sectional study with objectively measured MVPA showed an average of 11.6 min of MVPA per day (standard deviation 25.1) among individuals with MD [26] . A target between group difference of 10 min of daily MVPA, which has been shown to be a clinically relevant increase in activity, was used for the sample size calculation. For 80% power at the 5% significance level, 40 participants per group is required. To allow for a dropout rate of 20%, approximately 50 participants in each group will be required. Therefore, adopting a conservative approach, the final target sample size will be 55 participants in each treatment arm.
For the qualitative parts of this study, an estimated purposive sample is recruited. Participants are recruited until saturation of data is obtained.
Study participants
A multi-point strategy will be applied to recruit a sufficient number of participants (in total 110 participants) with MD within a short timespan (approximately 1 month). Recruitment of participants will be performed by rehabilitation coordinators at county council rehabilitation centers, at primary care centers, rehabilitation centers and at private companies within the Stockholm area during early 2018. Participants will be given oral and written information about the trial at the rehabilitation centers and provide a written interest to participate. All participants will provide written informed consent before initializing the baseline assessments.
Inclusion criteria
Currently, there are no agreed upon definitions of what constitutes a person with MD [26] . For the current study, participants are eligible if they are between 18 and 40 years of age with a MD, acquired within the past 3 years, and if they experience any mobility-related problems affecting their everyday life; for example, problems with dressing, performing household tasks, with transportation, personal hygiene tasks, or at work.
Exclusion criteria
Exclusion criteria include being bound to a walker or wheelchair or having any medical condition not permitting moderate-intensity walking. Further exclusion criteria are not being able to speak/understand Swedish and not having access to a smartphone.
Randomization
A block randomization procedure will be used at an individual level to ensure an equal distribution of participants between the two treatment groups. Participants will be randomized before the first baseline assessment at the healthcare center. The SAS Proc Plan (SAS Institute Inc., Cary, NC, USA) will be used for the randomization process. The block size will not be stated in the protocol so that the investigators are blind to the block size. Thus, limiting potential risk for selection bias.
Baseline assessment
Participants will be invited to group consultation meetings, including baseline assessments, at a healthcare center. The group consultations will be held at three time points and include all participants recruited from the different recruitment sources.
After a short introduction, participants will perform a battery of physical tests and fill in web-based questionnaires lasting, altogether, approximately 2 h. Thereafter, participants will be randomized into the two treatment groups, followed by separate introductions for their treatment. In addition to the questionnaires described below, the participants will fill in questions on basic demographic information. The baseline measures and all follow-up measures will be made in the morning (fasted state) in order to best utilize standardize measures (e.g. blood samples).
Primary outcome
The primary outcome, difference in time spent in MVPA per day at 12 weeks between the two groups, will be measured using the Actigraph GT3X+ tri-axial accelerometer (Actigraph, LCC, Pensacola, FL, USA), which has shown to accurately assess levels of PA under free-living conditions [27, 28] . Participants will be asked to wear the GT3X+ during all waking hours for seven consecutive days at baseline (week 0), midpoint (week 6), endpoint (week 12) and at maintenance follow-up (12 months). The minimum data requirement for inclusion in the analyses will be 10 h of data on at least 4 days, including one weekend day. Management and analyses of PA data will follow best practice and research recommendations [29] . In addition, we will analyze time spent in light and vigorous PA and sedentary time at all measure time points, as well as day-to-day data on steps/day from the participants' smartphones (automatically stored in each smartphone "health kit" application).
Secondary outcomes
Measures on secondary outcomes, aside from the semistructured interviews on intervention adherence and enjoyment, will be taken at baseline (week 0), midpoint (week 6), endpoint (week 12) and at maintenance follow-up (12 months).
Body composition measures
The physical tests include measures on body composition: height, weight, waist circumference, fat mass and fat-free mass via bioelectrical impedance [30] . Body mass and height will be measured with the participants wearing light clothes to the nearest 0.1 kg and 0.5 cm, respectively. An Omron model HBF-511B-E/HBF-511 T-E will be used for the bioelectrical impedance measures.
Fitness tests
Fitness will be measured via a submaximal VO 2 max test performed on a stationary bike to assess aerobic fitness [31] . The participants will be instructed to cycle, with a pedal frequency of 60 rpm and a resistance of 0.5 kilopond (29 W), on a calibrated, mechanically braked, cycle ergometer (model 828E, Monark, Varberg, Sweden) during 4 min. Thereafter, the loading is progressively increased until the subject reaches a heart rate of 120 beats per minute. The mean pulse during the last minute is recorded. VO 2 max is the estimated by sex-and agespecific equations on differences in pulse rate between the higher and lower standard load.
Blood sample measures
In addition, blood samples will be collected at weeks 0, and 12, as well as at 12 months. All blood samples will be procured by means of an intravenous cannula. At each sampling, the first 2 mL of the draw will be discarded as waste before a 5-mL sample is collected. This sample will then be dispensed in to an EDTA tube, a plasma-heparin tube and a serum tube. The two latter samples will be centrifuged at 1700 g for 20 min before initial storage in − 20°C and later storage at − 80°C pending subsequent analysis for genetic/epigenetic and metabolomics analysis. All blood samples will be sent to and stored at a Biobank at Karolinska Institutet.
Analyse of blood will include markers of inflammation and stress. Genetic single-nucleotide polymorphism and epigenetic methylation status genome-wide analysis will be performed using the Illumina-based platform [32] from blood samples taken at weeks 0, and 12. The genetic/epigenetic analyses will enable the current study to investigate the extent to which the intervention effects are driven by genetic/epigenetic factors, which, in twin studies, have shown to play a major role in responsiveness to PA within an intervention setting [33] .
Web-based questionnaire measures
Participants will answer a web-based survey measuring the following aspects:
HRQoL by the SF-36 [34] , a widely-used instrument which measures HRQoL with 36 questions divided in eight dimensions: physical functioning, role limitations due to physical health problems, bodily pain, general health, vitality, social functioning, role limitations due to emotional problems and mental health Musculoskeletal pain on a Visual Analogue Scale from zero (no pain) to 100 (worst imaginable pain) over the past week [35, 36] Perceived stress by the Perceived Stress Scale [37] , a 10-item questionnaire (scored 0-4) based on how the respondent felt during the past month Symptoms of depression by the Beck Depression Inventory-II [38] , one of the most widely used psychometric scales for measuring the severity of depression by a 21-item, multi-choice, self-report inventory Work ability via the Work Ability Index (WAI) scale [39] , a questionnaire designed to quantify an individual's capacity for work, comprising seven dimensions and including such questions as, "Assuming that your work ability at its best has a value of 10 points how many points would you give your current work ability?" Dietary intake by 24 h recall [40] , a structured interview (administered by a trained interviewer) intended to capture detailed information about all foods and beverages consumed by the respondent in the past 24 h, from midnight to midnight the previous day Motivation towards PA and exercise will be measured by the Behavioral Regulation in Exercise Questionnaire [41] , a 19-item questionnaire measuring the stages of the self-determination continuum with respect to motivation to exercise by a 5-point Likert scale (ranging from not true for me to very true for me)
Qualitative interview measures
At the endpoint (week 12) and after 12 months, a purposive sample of participants from each arm will participate in individual semi-structured interviews or focus group discussions to qualitatively assess the efficacy, implementation and outcomes of the programs and their experiences of persistent lifestyle changes. All interviews are performed by trained health educators and digitally recorded. The interviews are transcribed to text verbatim and thereafter analyzed.
Participant safety
Participant safety will be a main priority, and multiple strategies will be utilized to minimize adverse events associated with participation in the study. The supervised baseline testing session will ensure that participants are safe to participate in the planned intervention and assessments. Adverse events will be tracked closely, during meetings and research assessments, with special emphasis on events that could be associated with participation in the study.
Statistical analyses
Primary and secondary outcome measures
The primary study outcome, difference in levels of MVPA at 12 weeks between the two treatment groups, will be tested on an intention-to-treat approach, with all participants analyzed in the group to which they were randomized, using a two-tailed 0.05 significance level. We will further conduct per-protocol analysis to evaluate the effect on levels of MVPA at 12 weeks among those who followed the study protocols. Both intentionto-treat and per protocol analyses will be performed on differences in the main and secondary outcomes between the two groups at 12-week and 12-month followups. Mixed-effects regression models will be used for analyses accounting for baseline levels of MVPA and possible clustering of the randomized groups. Similar regression models will be fitted for secondary outcomes. Data will be presented as interclass correlation coefficients, adjusted mean differences (95% confidence interval) and corresponding p values. For the primary outcome, withinand between-group changes will also be calculated from a repeated-measures mixed-effects model.
Health economic evaluation
The cost-effectiveness analyses will be presented as additional cost per additional benefit, that is, additional SEK per health benefit gained, referred to as the incremental cost-effectiveness ratio (ICER). Health benefits include both primary (MVPA) and secondary outcomes and will also be evaluated as moving one individual from an inactive to an active category. Analyses will further account for the costs associated with the eHealth program and standard care supervised health program. Finally, data on HRQoL will be used to assess differences in quality-adjusted life years (QALYs) between the two intervention programs.
Qualitative analysis
The qualitative data collection and analysis will have a grounded theory (GT) approach [42] . Transcribed data is analyzed according to the steps of GT focusing on the efficacy, implementation and outcomes of the programs and participants' experiences of persistent lifestyle changes. Also, situational analysis (SA) may be applied; a method evolving from traditional GT. This analysis mainly follows the steps of GT, but SA allows the researcher to identify variations between the discourses and illustrate the socially and time-bound constructions that these discourses are used within. By using SA, three approaches (situational, social world/arena and positional maps) may be applied separately or together so as to communicate the variations in discourses.
Discussion
The overall aim of the current intervention is to examine the efficacy of an eHealth program compared to a standard care supervised health program to support adults with MD to increase levels of PA and improve health-related behaviors.
Significance
There is a lack of RCTs investigating effective ways to increase levels of PA in young adults with MD. Increased levels of PA among this physically inactive population have the potential to substantially improve health-related outcomes, possibly more so than in the general population [9] . The few existing studies suggest that motivation for PA and sports participation is high among individuals with MD and that barriers to PA engagement include accessibility to tailored PA, and most importantly, a lack of knowledge on how to engage in PA [6, 11, 12] . The current project aims to fill this gap in knowledge by examining effective and feasible methods to adopt a healthy and active lifestyle for young adults with MD by combining quantitative and qualitative methods. App-based programs are low-cost compared to physical trainers/health coaches. Also, app-based programs can reach most people, as most people in Sweden have smartphones with appbased abilities, while many people may lack money and/or access to physical trainers/health coaches. If a low-cost app-based program can effectively increase short-and long-term levels of PA, then large-scale implementation using apps within rehabilitation and medical centers, as well as workplace settings, is possible within a few years; thus, fundamentally changing general PA counseling approaches for individuals with MD. Further, if this intervention is found to be effective, there are great possibilities to implement the eHealth program to many other groups of inactive people within the population.
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